Objective: To describe prostanoid DP receptor (PTGDR) variants in women with preterm births who admitted to coital activity (CA) within 24 h of labor.
Introduction
Preterm birth is a major cause of perinatal death, and neonatal and infant morbidity 1 For many years sexual activity has been suspected to be associated with preterm birth by several biological mechanisms. [2] [3] [4] [5] [6] [7] [8] [9] One of the leading theories is that maternal orgasm might induce oxytocin release, which, in turn, would initiate uterine contractions. A similar role has been attributed to the prostaglandins in the seminal fluid. [10] [11] [12] Moreover coital activity (CA) during pregnancy may also increase exposure of the mother to infectious virulent agents in the birth canal, thereby precipitating preterm birth. 13 As the preterm birth syndrome is a multi-factorial entity, the association with previous CA may only be relevant in a certain subset of mothers. This may also explain conflicting results in previous epidemiological studies. However, regardless of the specific causes of preterm birth, the common pathway involves signaling and regulation of labor by prostaglandin D 14 , as mediated by prostanoid DP Receptor (PTGDR) variants. 15, 16 The PTGDR are seven trans-membrane G-protein coupled receptors with an extracellular amino terminus and an intracellular carboxy terminus. 17, 18 Sequence variants in PTGDR that posses a capacity for direct transcriptive regulation, T-549C, C-441T, T-197C and G þ 1044A, have been shown to be associated with the differential susceptibility of the bronchial smooth-muscle contraction response to excitatory stimuli 19 . Myometrial contraction is stimulated through these same receptors. [19] [20] [21] Thus, a tenable hypothesis that we wished to test is whether functional variants of PTGDR may be involved in the possible but variable association between coitus and the onset of preterm labor
Methods
This study was a 12-month case-control study from January 2006 to December 2007. Subject enrolment and data collection were carried out through the Admitting Services of the Division for Maternal and Fetal Medicine in a university affiliated Obstetrics Department in Jerusalem, Israel. Demographic data including maternal characteristics, past reproductive history and information about previous complications during pregnancy, delivery and the neonatal period were culled from the files.
Three groups were described: Group 1 (CA): mothers who had a preterm birth and admitted to coital activity within 24 h before active labor; Group 2 non-coital activity: women who had preterm births, but did not engage in coital activity within 24 h of active labor; and Group 3 (Controls): women who had term, uncomplicated births and did not engage in coital activity within 24 h of active labor. All women included in the study were asked at the time of admission to report whether they had engaged in CA within 24 h before the onset of the active stage of labor. The information was obtained by a senior obstetrician and confirmed by a senior neonatologist after birth. Women with known thrombophilias, other medical complications of pregnancy (diabetes and hyper/hypothyroidism), as well as prolonged or premature rupture of membranes, vaginal bleeding, clinical chorioamnionitis and/or positive genitourinary cultures at admission, were excluded from the study. Mothers with intrauterine fetal demise and/or with neonates with malformations were excluded. All subjects had benefited from medical care provided by the National Health Plan and had at least four antenatal care visits. Pregnancies were dated by the date of the last menstrual period and/or a first trimester sonogram. Preterm birth for study purposes was defined as between 24-35 weeks of gestation.
Maternal blood samples (in 0.11 mol l À1 EDTA) were collected at the time of admission. DNA was prepared from white blood cells by standard salt-extraction techniques and subsequently stored at À4 1C for batched analysis. Laboratory staff, including those responsible for interpretation of results, was blinded to the clinical status of the mothers. Samples were coded and genotyped as collected and not separated into batches. Four single nucleotide polymorphisms (SNPs) were analyzed: T-549C, C-441T, T-197C and G þ 1044A. Standard PCR with appropriate restriction endonucleases was carried ( Table 1) . Two of the authors (S.GG and GA) independently read the PCR results and only those that were in accord have been reported.
Statistical analyses
Criterion for significance was set at P ¼ 0.05 using a two-tailed paradigm. The convention of difference in proportions of 0.26 was assumed, specifically 0.30 (polymorphism in controls) vs 0.56 (polymorphism in the study population), resulting in a requisite minimum sample size of 90 and 25 individuals for the control and experimental groups respectively, yielding a statistical power of 81% for significance. Our assumption of frequency for the PTGDR sequence variants and the ratio of controls to cases was based on previous population studies and conventions of polymorphism variations. 22 Perinatal data analysis Demographic data, reproductive history and information on complications during pregnancy, delivery and the neonatal period are presented as descriptive statistics. Comparisons were carried out with one-way analysis of variance for continuous variables with post hoc (Dunnett and Scheffe) correction for unequal variances. The w 2 test was used for categorical variables. In cases where more than one birth occurred during the study period, only the first event was included in the final analysis.
Genetic statistical analysis PHASE 2.0.2 was used to estimate haplotype frequencies and construct haplotype pairs for each subject. PHASE implements a Bayesian statistical method for reconstructing haplotypes 23 . If a subject did not have certain haplotype pairs with a certainty of at least 75%, that subject was excluded from the haplotype analysis. Haplotype estimation also imputes missing data; hence the haplotype analyses were on the complete dataset. Hardy-Weinberg equilibrium was tested with w 2 test of goodness-of-fit for each SNP. The common allele frequencies were estimated with 95% confidence interval (CI). The Student's t-test, Fisher's exact test and Pearson's w 2 were used to test the association between the group pairs; P<0.05 was considered significant. ORs were calculated to assess the relationship between SNPs and haplotypes and the outcome. Odds ratio (OR) estimation under an additive genetic model was done by applying exact logistic regression, which is designed for small sample size (or low event rates). All analyses (with the exception of haplotype construction) were performed with SAS 9.2.
The study was approved by the institutional ethics committee and the Israeli Ministry of Health Pharmaceutical Department/ Clinical Trials Unit.
Results
During the study period 149 women were enrolled to the study: 24 women in Group 1, 30 women in Group 2 and 95 women in Group 3.
Two women in Group 1 gave birth twice during the study period (only the first delivery was included in the final analysis), both times within 24 h after intercourse. Maternal age and ethnicity among all study groups were comparable. The preterm birth study groups (Groups 1 and 2) were similar regarding the background maternal and the neonatal perinatal data and 
Maternal PTGDR in post-coital preterm births S Grisaru-Granovsky et al differed, as expected, from the Group 3 control as to the history of preterm birth, gestational age at delivery and birth weight, as Group 1 differed significantly from Group 2 because of lower parity and fewer live children. In addition, Group 1 had a higher rate as compared with Group 2 of cesarean section deliveries (66% vs 24%) ( Table 2) ; however, in both groups all cesarean deliveries were performed after the onset of uterine contractions, in active labor. The postpartum maternal course was uneventful and maternal, placental genitourinary and placental cultures taken at delivery were negative for pathogens. All four PTGDR SNPs were in Hardy-Weinberg equilibrium for the control group. Table 3 notes that the T-549C genotype was significantly different between Group 1 and Group 2 (P<0.0002), and Group 2 and Group3 (P ¼ 0.0160). The C-441/T SNP showed a significant difference between Group1 and both Group 2(P<0.0001) and Group 3(P<0.00001). The T-197C was not significantly different in the comparison between any of the groups; however, a trend was observed (P ¼ 0.05455) between Group 2 and Group 3 The G þ 1044T variant showed no significant statistical difference between Group 1 and Group 2 (P ¼ 0.7543). When the OR was calculated, assuming additive genetic influence and estimated by exact logistic regression for the appropriate genotypes, there was an OR of 30 (95% CI 6.9-191.17) for Group 1 post-coital associated preterm births in mothers with the C-441/T SNP as compared with the women in Group 3. The OR of Group 1 vs Group 2 was 25, however the CI was not computable because of small sample size (Table 4) .
Based on these SNPs, haplotype frequency analysis in the combined population was carried out ( Table 5 ). The number of copies of the haplotypes' association analysis recapitulated a similar pattern designating CCCG (P ¼ 0.008), CCTG (P ¼ 0.003), TCTG (P ¼ 0.04) and TTTG (P ¼ 0.00001), as characteristic for Group 1 mothers when compared with controls (Group 3). A model of exact logistic regression of odds calculations assuming additive genetic influence for the haplotypes was carried out, the TCTG sequence strongly correlated with post-coital preterm birth vs the control (Group 3) (OR 53.4, 95%CI 10.3-554.8).
Discussion
The prevention of preterm birth may have great benefit in terms of neonatal outcome. The prevention of preterm birth is dependent on Maternal PTGDR in post-coital preterm births S Grisaru-Granovsky et al the accurate identification of women at risk. Multiple risk markers have been reported to be associated with preterm birth. The multifactorial etiology of the 'preterm birth syndrome' leads to the conclusion that a single marker will be hardly predictive for large heterogeneous populations. 24, 25 Previous studies of women who suffered preterm births have found associations between SNPs in genes responsible for inflammation in heterogeneous patient samples. In this study we employed a combined strategy, the evaluation of candidate gene SNP and the PTGDR, in the study of a relatively homogenous population with and without a single inciting event, that is, CA. The endpoint of the study was the temporal relationship between the onset of labor and the previous CA. The significant difference in the cesarean section rate between the preterm birth groups is irrelevant, as all the cesarean sections were performed after labor had begun. The difference noted between both preterm birth groups and the term uncomplicated control group with respect to parity and live birth might be inherent to the inclusion criteria. This aspect, in fact, supports the need for an uncomplicated control group and strengthens the SNP association described by our study.
Prostanoids have an important role in the regulation of term and preterm parturition. 26 All human reproductive tissues, that is, the myometrium (both pregnant and non-pregnant), decidua, fetal membranes and the placenta, have the capacity to synthesize prostanoids. 21, 27 Among the prostanoids, prostaglandin D has been shown to promote a biphasic response of excitation followed by relaxation in the myometrium; the dual effect was attributed to the existence of subtypes of PTGDR. 15 This study did indeed discern a differential maternal pattern of PTGDR variants not only in the post-coital preterm births but also for the non-post-coital preterm births as compared with the mothers with term births, specifically the T-549C and the C-441/T genotypes. Moreover, we were able to designate a haplotype combination that characterized the specific vulnerability of the post-coital preterm birth group, the TCTG haplotype.
Despite the intriguing nature of these findings, one has to be aware of the demographic and genetic analysis limitations of this preliminary study. The rarity of this haplotype in the population may explain the difficulty of epidemiological studies to correlate previous CA with preterm births 28 , and hence this specific correlation may require larger studies for confirmation. An ideal epidemiological approach to answer the question of association between the sexual activity and preterm birth would have to recruit women from conception and list intercourse events; this type of study would eliminate the bias of the predisposition to CA and the relative contribution of coital exposure vs the SNP of interest. However, based on the a priori power calculations, the ability of unique SNPs constellations to distinguish post-coital preterm birth as a discrete entity relative to other causes of preterm birth makes this a provocative finding.
Genetic association studies for detection of genetic variants contributing to a complex outcome such as preterm births should indeed be interpreted with caution. Nonetheless, the observation that preterm delivery is a repetitive event in some women and has a familial cluster pattern in others does strongly suggest a genetic basis. 24 The genetic predisposition of the familial clusters may present as a single phenomenon, that is, post-coital preterm delivery, or in association with environmental factors as well. 26 PTGDR gene variability has been shown to be associated with a predilection to smooth bronchial muscle excitability in response to exogenous factors in specific ethnic groups, 29, 30 and hence, the virtually uniform ethnicity across the groups in our study supports the (possible) genetic and environmental basis for this model. Abbreviation: CI, confidence interval; IPB, idiopathic preterm birth; PCPB, post-coital preterm birth. a P-value significant; N limited number of samples, and hence the estimation of CI may not be perfect. Table 5 Haplotype frequency (f) in the combined populations
bold: phenotypes' frequency >5% in the population.
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The questions regarding CA within 24 h before active labor was part of the strict admitting protocol and confirmation of the data immediately after birth, eliminating any recall bias present in historical studies that queried frequency of CA weeks remote from the actual birth. 3, 4, 11, 31, 32 The latter approach has proven to be inaccurate because CA tends to decrease as pregnancy advances. 3,4,11,31 -34 Thus, the inclusion of the preterm birth group that was delivered at an interval greater than 24 h after coitus was critical for the analysis.
We speculate that women who can be identified with the particular 'molecular signature' of the PTGDR gene, the C-441/T genotype, and especially the TCTG haplotype, would be potential beneficiaries of counseling to prevent preterm delivery. The two women, who were the 'inspiration' for this study and had repetitive post-coital preterm birth, were found to be carriers of the C-441/T genotype. The use of condom during the a following pregnancy and then one single coital event (planned), induced birth at week 37 in both of these women. Clearly, robust management implications require a prospective, controlled interventional study comparing the use of mechanical barriers (condoms) and/or abstinence in these genetically identified mothers (irrespective of their previous pregnancy history) before this can be considered for routine recommendation.
